Introduction
In the 20 th century, many mathematicians around the world made positive contributions to our world and to diverse subjects. Among them was Andrei Nikolaïevitch Tikhonov, a groundbreaking, outstanding mind, who has always been involved in the training of able scientists and specialists.
Thursday, November 8, 2018 , is the twenty-fifth anniversary of the death of this celebrated, valued, accomplished, and highly respected mathematician and physicist of international renown, a sharp mind, an academician of the Russian Academy of Sciences, a laureate of the Lenin and State Prizes of the USSR, a cognitive and legendary figure, a vital brilliant organizer and leader of science. Professor A. N. Tikhonov is one of my most favorite mathematicians. The idea of writing this paper to honor the life and scientific activities of A. N. Tikhonov came to me when I read many of his works and I was impressed by his knowledge, amazing research, profound scholarship, perspicuity and eloquence of expression, painstaking accuracy and big ideas. My aim is to be clear and evocative, for in this way I feel more in touch with my subject that is very interesting. This paper, therefore, presents a personal biography of A. N. Tikhonov, or rather, a poignant tribute to him. It is the fruit of my attempt to understand and ingest Tikhonov's works over the course of several years. This paper follows him from when he was a child to his death. An honest appraisal of Tikhonov's life and work will be my main goal.
Andrei Nikolaïevitch Tikhonov was one of the most eminent contemporary mathematicians from all points of view. He was an innovator, pioneer, icon, and a bright famous Soviet and Russian mathematician and geophysicist. He had a fascinating appearance and spoke with a cheerful and positive attitude. Tikhonov was always dressed with respect and detail to his finer characteristics. At the same time, he had a native wit, wisdom, humanity, self irony, and a great sense of humour. He was a man with a big smile.
He was born on Tuesday, October 30, 1906, in the town of Gagarin (previously Gzhatsk), in Smolensk region (West Russia) and died on Monday, November 8, 1993 in Moscow and has been buried in Novodevich'e Cemetery. He is gone but not forgotten. 
Early life and education
Andrei Nikolaïevitch Tikhonov was born into a wealthy family of high social standing and prestige. He was the second of two children of Nikolaï Vasilïevich Tikhonov (his father), who was a merchant, and Mariya Nikolaevna (his mother), who was warm hearted, capable and energetic. She took care of their two sons (Andrei (the youngest) and Nikolaï (the elder)) [20] , who grew up together and were given the best education. In 1910 the Tikhonovs moved to Moscow, where the boys visited a city's gymnasium (secondary school).
When A. N. Tikhonov was 15, he went on to study at the Mathematics Department of the Moscow State University (MSU) Faculty of Physics and Mathematics.
After completing secondary school in 1922, Tikhonov entered the faculty of physics and mathematics at Moscow State University and made remarkable progress, having his first paper (related to results of Pavel Sergeevich Aleksandrov and Pavel Samouilovitch Urysohn on conditions necessary for a topological space to be metrisable) published in 1925 while he was still 19, and in the middle of his undergraduate course. In other words, as P. S. Aleksandrov summarized [1] : "Tikhonov began his scientific career in a brilliant way at the age of 19 by obtaining several remarkable topological results, which soon made him world famous". Tikhonov earned his Ph.D. in 1927 under the direction of his supervisor P. S. Aleksandrov, who was only ten years his senior. His work focused on general topology as well as functional analysis of equations of Volterra type and their applications to mathematical physics [22] . In 1936 he defended his habilitation thesis for work on Volterra functional equations. Tikhonov was appointed as a professor of Moscow State University after successfully defending his thesis [22] .
Some Positions Held by Tikhonov
As the British statesman Winston Churchill said [7, page 2] : "The price of greatness is responsibility". Tikhonov held many academic and research positions; for instance:
• He taught mathematical physics.
• He was appointed head of the Department of Mathematics of the Moscow State University (MSU) Faculty of Physics (in 1937) [12] .
• He took up the Chair of Mathematics at Moscow University [8] . • He was a former Department chief (in 1960) at the mathematics, mechanic, and physics faculties. • He was the founder and the Dean of the Faculty of Computational Mathematics and Cybernetics of the Moscow Lomonosov State University from 1970 through 1990 [12] .
• He was deputy director of the Institute of Applied Mathematics of the USSR Academy of Sciences [8] .
Research Work
Tikhonov was keenly interested in many areas of mathematics and geophysics. His circle of interests was not restricted to one area only, it was very wide. He made major advances in many fields; his work and expertise covered a broad range of topics. He contributed substantially to:
Topology: Topology was his first area of interest. Tikhonov's reflections led him to several fundamental topological discoveries [2] . He is best known for his work in topology: Metrization Theorem proved in 1926, and Theorem of Tikhonov in 1930, which states that every product of many arbitrarily compact topological spaces is again compact in the sense of the product topology [17, 22] . This famous theorem holds first place for the number of citations [2] . Tikhonov defined the completely regular spaces called Tikhonov spaces in his honor [2] .
Functional Analysis: Tikhonov went from topology to functional analysis with his famous fixed-point theorem for continuous maps from convex compact subsets of locally convex topological spaces [22] .
Mathematical Physics: The results he obtained are of importance in both topology and functional analysis. They were applied by Tikhonov to solve problems in mathematical physics [22] .
His research on mathematical physics may be classified as follows [21 Geophysics: Tikhonov worked on geothermal topics but his geophysical studies were far from being restricted to those. He made a major contribution to the use of electromagnetic fields for studying the structure of the Earth's crust, especially the use of the natural electromagnetic field for obtaining a complete electrical section of the crest. His method consists of comparing the electric and magnetic components of the natural field at the surface, which gives the properties of the layers, if a broad frequency spectrum is used, it is possible to evaluate the electrical structure down to depths of hundreds of km [21] . He was also one of the inventors of the magnetotellurics method in Geophysics.
Other applied problems: Numerous solution algorithms of various applied problems [16] , especially of optimisation problems [20] . Tikhonov was skilled in Numerical Analysis [18] .
All in all, Tikhonov conducted research in many areas of mathematical physics and mathematical modeling.
Tikhonov's Students and Colleagues
Tikhonov had a great sense of responsibility in his work and a great warmheartedness towards all his colleagues and students. It was a privilege to work alongside him. He was internationally known as a role model and wonderful mentor. He helped hundreds of students, by preparing their letters and allowing them to be involved in research early on [18] .
Tikhonov used to say [12] : "If you have substantial arguments, just come out to the blackboard with chalk in your hand and show them".
His seriousness, good will, and at the same time, stringent requirements on science and the work of his staff created a very special atmosphere at the institute, and called for the highest standards of scientific activity [12] .
Some of his talented students and outstanding colleagues are cited below:
• Anna Khalilovna Pergament: 37 scientific articles. (Tikhonov was Pergament's dissertation advisor (1965).)
• N. Alexander Marchenko: 21 works in 46 publications (in 2 languages) and 275 library holdings.
• 
Tikhonov's Work Related to the Soviet Atomic Project
Tikhonov and his team contributed significantly to establishing rigor and developing important tools used in modern mathematical physics. In this section we focus on how they contributed to the Soviet atomic project [12, 14] .
It was disclosed that more than 500 000 people, among them 8000 scientists, were involved in the first Soviet nuclear device test. Tikhonov was one of them [12] . The main task of Tikhonov's team was making calculations on different aspects of the atomic bomb in a very short period of time (about a year).
First off, they calculated the average model of the atomic explosion. Then Tikhonov proposed a construction of the model and the calculation of the power of the atomic bomb, using complete models. I. M. Khalatnikov and others did the computation of the hydrogen bomb in parallel with Tikhonov's team at the Applied Mathematics Department headed by M. V. Keldysh [13] .
The problem of solving partial differential equations at the time was considered of utmost complexity. They had no experience with such calculations, and the theory of difference schemes was virtually nonexistent. Therefore, the direct calculation of the nuclear explosion was considered by the experts as unrealistic. L. D. Landau called this settlement, if it was carried out, a scientific feat. Tikhonov suggested applying the method of finite differences to the complete system of partial differential equations. A. A. Samarskii figured out how to make parallelization between the solver-girls, distributing approximately ten equations for each.
As a result, the time for solution of several hundreds of equations has been reduced by fifteen times and was performed during two months. The calculations were carried out at the time by Felix adding machines and electromechanical calculators Mercedes. By the time of the first test of the bomb, there were already the first results of the calculations and the differences amounted to only 30%, and the error was further reduced to 10% [4] .
His Research Output and Most Well-Known Works
Tikhonov was a a prolific author who has 174 different works in 7 languages (at least) and 4.372 library holdings. He has also given numerous talks, presentations, conferences and lectures. He was an active participant in various symposiums on different topics of mathematics and physics, and he chaired several seminars. He organized scientific meetings and performed groundbreaking research into questions about several subjects of mathematics and physics. He was an extensive collaborator (for many decades) with well known mathematicians and physicists.
A. N. Tikhonov had a prodigious lifetime output of more than 200 original research papers. In addition, he was Editor-in-Chief of the First International Conference, held in Moscow (on ill-posed problems in the natural sciences) between August 19 and August 25, 1991 [24] .
Tikhonov has authored (and co-authored) over 575 publications (treatises, textbooks, articles, monographs, ...), see Appendices A and B for comprehensive lists.
Honors and State Awards
Given his achievements, it is not surprising that A. N. Tikhonov received accolades from his profession. During the Soviet Union era, the career of a mathematician was one of a few relatively free of ideological pressure [18] . Because of his pioneering work and academic talent demonstrated for more than 65 years, his scientific achievements and organizational activities have been recognized, throughout his career, through a large amount of high state prizes, decorations, and awards. Noteworthy examples are listed in Appendix C.
Epilogue
As the Scottish philosopher Thomas Carlyle said [10, page 141]: "No great man lives in vain. The history of the world is but the biography of great men." The American poet Henry Wadsworth Longfellow noted that "When a great man dies, for years the light he leaves behind him, lies on the paths of men." "It is natural to die as to be born" [3, page 256] , as the British statesman and philosopher Francis Bacon said.
Professor A. N. Tikhonov passed away at a ripe old age of 87 [22] , leaving behind a huge legacy. He was a visionary, and there is no way to fill the gap his loss causes, especially for many scientists (that he was a close friend to), who can recognize the magnitude of such a loss. His death was a great, and deep sorrow. His name will be forever inscribed in the history of both Soviet and Russian mathematics and well beyond.
Tikhonov was a vivid example of a talented personality devoted to mathematics, physics, and science, and in the development of research and his country [12] . His meticulous and impressive research never ceased. In fact, it seemed that he was always getting younger, stronger, a more admirable and adorable gentleman. He was truly a great scientist. I believe that this is the most fitting description. He will live on in our hearts and minds, and he will be sorely missed.
As the British writer Terry Pratchett said [19] : "Do you not know that a man is not dead while his name is still spoken?". So, speak A. N. Tikhonov's name.
As the French fashion designer Gabrielle Chanel said [15, page 46] : "In order to be irreplaceable one must always be different". A. N. Tikhonov was different, so he is irreplaceable.
As the American essayist, lecturer, and poet Ralph Waldo Emerson wrote [5] : "Every great man is unique". A. N. Tikhonov was unique.
I sincerely believe that the life story of the genius A. N. Tikhonov will inspire many ambitious students and scientists around the world to follow his path to success, to benefit from his amazing and creative contributions, to break new ground, and to make a difference in the world. 
B. Selected Papers
Tikhonov's prodigious lifetime output of more than 200 original research papers is hard to list completely here. We aim to present a select few:
